Purpose: Rural residents are significantly more likely to be overweight and obese than are urban residents. However, few data have compared weight control program responses in these population groups. Therefore, the primary aim of this study was to evaluate the weight loss outcomes of participants in a multisite, online behavioral intervention by residential location (rural vs urban) and, second, assess any possible differences in adherence to treatment goals.
1
Behavioral weight loss interventions are the gold standard for treatment because of the success in promoting weight loss and maintenance through adaptation of lifestyle behaviors. 2 According to data from the Look AHEAD trial, 50.3% of participants reach the goal of losing ࣙ5% of their total weight and 26.9% of individuals lose ࣙ10%. 3 However, these averages do not represent the marked variability in weight loss among individuals. Some individuals fail to produce clinically meaningful weight loss, which can be associated with early lack of adherence to treatment goals such as self-monitoring. 3, 4 To our knowledge, residential location has never been assessed as a potential factor influencing weight loss outcomes.
Many studies have evaluated the prevalence of obesity in different populations and found a higher percentage of people with obesity in rural areas compared to urban areas. [5] [6] [7] The data on why rural populations may have higher rates of obesity are equivocal. For example, while some studies have found that rural adults are less likely to meet physical activity recommendations, 6, 7 others have failed to find a difference in rates of achieving physical activity recommendations based on residence. 5 Moreover, the relationship between dietary intake and rurality is also mixed, with some studies suggesting no difference 5 and others finding more obesogenic dietary patterns in rural residents. 7 The underlying etiology of increased obesity rates in rural populations is likely complex and multifactorial. Even less is known, however, about differences in weight loss outcomes based on residence. Therefore, the primary aim of this study was to evaluate the weight loss outcomes of participants in an online behavioral intervention study by residential location and, second, assess any possible differences in adherence to treatment goals.
Methods

Study Population and Sampling Design
This study was part of a larger study designed to evaluate the benefit of adding motivational interviewing to an online behavioral weight loss intervention. The treatment intervention and outcomes have been described previously. 8, 9 Briefly, participants were recruited from research sites in Vermont and Arkansas using community-based resources (newspaper ads, radio notices, television), targeted emails, and recruitment materials in primary care offices. Individuals were included if they were at least 18 years old, had a BMI ࣙ25 (kg/m 2 ), had no major medical problems, were not taking medications that may have interfered with their ability to lose weight, not currently pregnant or lactating, and not enrolled in another weight loss program. All participants were required to have access to a computer, either at home or work. Eligible and consented participants were randomized to 1 of 2 treatment arms (Internet alone and Internet+Motivational Interviewing) by the University of Vermont College of Medicine Bioinformatics Facility Interactive Voice Response system. Because early adherence predicts later weight loss success, 3, 4 data from the first 6 months of this 18-month intervention were used for this analysis.
The first 6 months of intervention consisted of 24 weekly "group meetings" in the form of synchronous chat sessions led by an interventionist that were designed to help facilitate sustained changes in dietary and physical activity habits. All participants engaged in diet and activity self-monitoring; received weekly feedback from their interventionist to assist them in meeting their calorie, fat, physical activity, and weight loss goals; and learned stimulus control, problem solving, relapse prevention, and goal setting skills. Weekly sessions and all self-monitoring were conducted on a secure, password-protected online platform. Because there were no significant differences in weight loss between the Internet Alone versus Internet+Motivational Interviewing conditions, 8 data have been combined for the purposes of this analysis. This study was approved by the Committee for Human Subjects Research in the Behavioral Sciences at the University of Vermont and the Institutional Review Board at the University of Arkansas for Medical Sciences.
Measures
All measures were obtained in-person at each respective research site at baseline and 6 months unless specified otherwise. Questionnaire measures (including demographic data) were collected online.
Body Mass Index
Weight was measured in kilograms (kg) on a calibrated digital scale in light clothing without shoes (Tanita Corporation, Tokyo, Japan). Height was measured in centimeters at baseline using a wall-mounted stadiometer (Seca Corporation, Chino, California). BMI was calculated as weight (kg)/height (m 2 ). Changes in weight were expressed as kilograms and % of baseline body weight lost, as well as the percentage of participants losing at least 5% of baseline weight.
Rural-Urban Residence
Each participant was classified as rural or urban based on home ZIP code. The 2010 US Census Urban and Rural Classification Criteria were used to determine rural and urban areas. 10 The US Census classifies urban areas as those with 2,500 residents or more. Rural areas are areas with fewer than 2,500 residents.
Household Food Inventory
Participants were instructed to complete the Home Food Inventory Questionnaire (HFI). 11 The complete HFI contains 190 items; however, to assess overall obesogenic home food availability, a summative score, created by Fulkerson and colleagues, 11 was used. This subscale contains 71 foods which are high in calories, including regular fat versions of cheese, milk, yogurt, other dairy, frozen desserts, prepared deserts, savory snacks, added fats, regular sugared beverages, processed meats, highfat quick microwavable foods, and candy. Participants self-reported whether they had access to these foods in their refrigerator or kitchen. The obesogenic HFI score has been found to be significantly and positively associated with self-reported energy intake.
Dietary Intake
Each participant was given a daily calorie intake goal based on individual needs with a fat gram intake goal equivalent to 25% of total prescribed energy intake. Participants recorded their daily calorie and fat intake using an online dietary monitoring system which provided caloric values and fat grams derived from the USDA Compendium. Compliance with calorie and fat intake goals was recorded by interventionists as 1 = met weekly goal or 0 = did not meet weekly goal.
Physical Activity
Participants were given a goal of 175 minutes/week of physical activity, with graded increases in the initial weeks until the target was reached. Participants selfmonitored minutes of physical activity online. Group interventionists recorded if participants met their weekly goal for minutes of physical activity (1 = met weekly goal; 0 = did not meet weekly goal).
Treatment Adherence Measures
Interventionists recorded attendance at group chats as well as whether participants submitted weekly selfmonitoring journals (1 = attended chat; submitted journal; 0 = did not attend chat; did not submit journal).
Statistical Analysis
Kernel method tests and Q-Q plots were used to test for normality for dichotomous outcomes. The t tests were run to compare weight loss and adherence goals between rural and urban participants. Two-way analysis of variance (ANOVA) was used to evaluate possible interactions between state and residence. Chi-square (X 2 ) tests were run to assess differences in the percentage of participants achieving a 5% weight loss by residence and state. For analyzing the Home Food Inventory, paired t tests were used to indicate changes from baseline to 6 months, and repeated measures ANOVA assessed any residence by time associations. To address any possible confounding or bias based on the distribution of minority participants, all tests were additionally run with minority participants removed. Data analysis was conducted with SAS (v9, 2003, SAS Institute, Inc., Cary, NC). Statistical significance was defined as P < .05 (2-tailed).
Results
Four hundred and ninety-two participants were randomized to the weight loss trial. Half of the sample came from Vermont (50.8%) and half from Arkansas (49.2%) with 24% of the total sample identifying as a racial minority. Four hundred forty-four subjects (90.2%) completed a 6-month weigh-in; 353 (71.7%) completed the Home Food Inventory measure at baseline and 6 months. There was no difference in rates of completion by rurality. Table 1 describes the distribution of rural and urban residents. Significantly more rural participants lived in Vermont with more urban residents in Arkansas. Average age, gender distribution, education, and BMI were not significantly different at baseline by residence. Table 2 shows the rural-urban differences between weight loss and treatment adherence measures for the overall sample, Vermont only, and Arkansas only. There was no statistically significant difference between rural and urban residents regarding weight loss in terms of kilograms of weight loss or percentage of weight loss. For the proportion achieving 5% or greater weight loss, there was a nonsignificant trend (P ࣘ .06) with rural participants (61.4%) being higher than urban (38.6%). Additionally, there was no difference in adherence to meeting weekly physical activity, calorie and fat intake goals, self-monitoring journals submitted, and attendance at weekly group meetings over the 6-month period. The rural-urban proportional differences were also evaluated on an individual state level and showed no statistically significant differences between rural and urban participants within both Arkansas and Vermont for weight loss and adherence to treatment goals. In a sensitivity analysis, we removed participants identifying as a racial minority since all were in one site (Arkansas); there were also no statistically significant differences for weight loss and Rural (n = 287) 24.5 ± 9.5 20.0 ± 8.5 4.2 ± 6.7 * Urban (n = 205) 24.7 ± 9.7 20.4 ± 10.1 4.4 ± 6.9 * * P ࣘ .0001 for baseline to 6-month change.
adherence to treatment goals when comparing urban and rural residents for the overall sample. Rural and urban comparisons of baseline, 6-month, and change during treatment in obesogenic HFI scores (Table 3 ) revealed no significant difference between rural and urban participants. However, t tests evaluating the change from baseline to 6 months separately for each residential location revealed a significant decrease in obesogenic food score for both rural and urban residents (P < .0001).
Discussion
The aim of this study was to determine if residence (ie, rural vs urban) was related to weight loss success in a structured behavioral program. Unlike previous research, [5] [6] [7] there was no difference in BMI for rural and urban individuals at baseline for this treatment-seeking sample. The main finding was that while there was a trend toward more weight loss in rural areas, results were not statistically significant due to the high variability in weight losses achieved. However, this is an interesting finding and one that warrants further investigation, particularly because there were additionally no significant differences in adherence to treatment goals. This is the first study to investigate rural or urban residence as a possible predictor of weight loss outcomes in individuals with obesity.
While some studies have found that rural adults report more sedentary behaviors, less leisure-time physical activity, and poorer dietary habits than urban participants, 7 available diet and physical activity data are equivocal. 12 This may be due to the different methods used to evaluate diet and physical activity in different studies. Additionally, many studies do not include physical activity related to work or transportation, which may represent an area in which rural and urban residents may differ. The classification of rural and urban residency has varied among studies, thus allowing for further discrepancy in results. 13 Finally, one suggestion for rural/urban differences may be education-level discrepancies. 12 Lack of observed differences in our study may, therefore, have been partially attributed to the fact that our study sample was highly educated with almost three-fourths having attended college or graduate/professional school (Table 1) .
Investigations into how access to grocery stores and supermarkets may differ among low-density populations have suggested that disparities in food access are far more apparent in rural areas. 13 However, in this study both rural and urban residents were able to make similar, favorable changes in their obesogenic food scores, suggesting that food access and availability was not an insurmountable barrier for our rural participants. We also failed to find an association between the home food environment and weight loss. Krukowski and colleagues 14 similarly found a lack of association between weight loss and home environment changes during the course of a behavioral weight loss program, when using a different measure of the home food environment in a similarly well-educated sample. 15 The combination of this previous research and the current results indicates that further
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This online behavioral weight loss program did not find differences in weight loss based on residence, suggesting that people residing in rural areas are not adversely impacted by their geographic location in online behavioral weight loss programs. Weight loss trials for rural breast cancer survivors showed similar successful outcomes with phone counseling intervention strategies. 16 The use of online and distance-accessible interventions allows for the comparison of residences that may be restricted from study participation due to necessary travel. This is the first study to evaluate rural and urban participants engaged in the same behavioral intervention; therefore, highlighting the importance of this study design in enrolling otherwise isolated participants. Further research should continue to evaluate the causes of obesity disparity by residence to further inform effective prevention and treatment methods.
